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outer points of a line segment which crosses the course in a perpendicular manner, whereby said measuring station comprises: a 
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^ on the measured phase difference, determines where the transponder passes said line segment. 
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System for determining the position of a transponder 

The invention relates to a system for determining the position of a transponder which 
5 moves along a course. 

STATE OF THE ART 

Such systems are known from the state of the art. In these systems in general the 
object is to determine the position in the direction of movement whereby field strength 

10 measurements are used. An example thereof is described in US562141 1 . 

In certain cases it is desirable to know the position of the transponder in a direc- 
tion transverse to the course. An example thereof are the toll-installations on multi lane 
auto-routes. Therewith it is important to make clear in which lane a vehicle is present 
before the necesssiry data are exchanged with said vehicle in relation to the toll charg- 

15 ing. Charging toll from a vehicle in a neighbouring lane has to be prevented. 

An example of means for determining in which lane a vehicle is present in the 
neighbourhood of a toll charging installation is described in US5406275. In this known 
system one detection station per lane is used whereby care has to be taken that each 
detection station almost exclusively detects its own lane and causes as less as possible 

20 disturbance in the neighbouring detection stations. In this publication also the above 
mentioned distance measurements by means of field strength measurements are de- 
scribed. 

This prior art system is based on clearly distinguishable lanes and has per lane 
separate hardware necessary to perform the required mesisurements. 

25 Another example of circumstances whereby it is often desirable to know the po- 

sition of the transponder in a direction transverse to the course along which the trans- 
ponder is moving is formed by auto races, races with karats, skelters, bicycles of other 
vehicles, horseraces, houndraces and all other races which take place on a specific 
course. Especially at those places which are not in view of an observer it might be im- 

30 ponant to know which contestant has the innerlane, the outerlane or moves on the mid- 
dle of the road, etc. 
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OBJECT OF THE INVENTION 

The object of the invention is now to determine the position of the trans- 
ponder in transversal direction in relation to a course without the necessity to divide the 
5 course in transversal direction in clearly distinghuised and electromagnetically screened 
lanes which each should have its own measuring station. 


BRIEF DESCRIPTION OF THE INVENTION 

The above mentioned object is fulfilled by a system for determining the position 
10 of a transponder, which transmits a signal and moves along a route with at least a 
measuring station comprising anterma means for receiving said signal at least at two 
measuring points positioned at the two outer points of a line segment which crosses the 
course in a perpendicular marmer, whereby said measuring station comprises: 

- a first receiver for receiving said signal through said antenna means at the one meas- 
1 S uring point and 

- a second receiver for receiving said signal through said anterma means at the other 
measuring point, 

- high frequency phase measuring means measuring the phase difference between the 
output signal of the first receiver and the outputsignal of the second receiver, 

20 - evaluation means which, based on the measured phase difference, determines where 
the transponder passes said line segment. 

I case the transponder is moving exactly in the middle of the road then at both 
measuring points signal with equal phase will be received. If the transponder is present 
more to the left side of the course then a predetermined phase difference will be meas- 
25 ured. If the transponder is moving more to the right side of the course then a predeter- 
mined opposite phase difference will be measured. 

Depending on the applied frequency and the width of the course it is possible that 
a number of phase zeros will be measured spread over the length of the line segment 
between both measxiring points. That makes it impossible for the evaluation unit to de- 
30 termine the position in an unambiguous maimer. 

There are a number of possibilities to eliminate this unambiguity. In the first 
place one could think of lowering the signal frequency. However, in general the applied 
frequencies are bounded to various national and international agreements which in 
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general prevent a variation of the signal frequency. However, applying a modulation is 
possible whereby a relatively low modulation frequency can be selected. In that case 
not the signal itself but the modulation frequency is used for the phase measuring. 

A system which is embodied according to thios principle has the characteristic 
that the transponder transmits a modulated signal, that the first receiver is followed by a 
first demodulator for demodulating the received signal, that the second receiver is 
followed by a second demodulator for demodulating the received signal, and that low 
frequency phase measuring means measure the phase difference between the output 
signal of the first demodulator and the output signal of the second demodulator. In this 
system not the phase of the carrier wave but the phase of the modulating signal is 
measured of which the frequency is much lower and by means of which a line segment 
with a larger length (and therefore a course with a larger width) can be covered 
unambiguously without a number of zero phase measuring points. 

A disadvantage of the above mentioned system may be that the accuracy of the 
location determination based on relatively low frequency modulation signal is lower 
than in case the higher frequency signals would be used. To solve said problem, it is 
preferred to combine both embodiments such that the evaluation means use the output 
signal of the low frequency phase measuring means for "coarse" position determination 
whereas the output signal of the high frequency phase measuring means is used for 
"fine" position determining. 

In principle various types of modulation can be used, amplitude modulation, fre- 
quency modulation, phase modulation, etc. A type of modulation which needs only 
very simple circuits to obtain a properly functioning system is amplitude modulation 
whereby the modulation signal is a pulse series by means of which the amplitude of the 
carrier wave is modulated between 0% and 100%. In other words the transponder 
transmits signal trains. 

Another possibility to remove the uncertainty as resulting from various zero 
crossings is reducing the line segment and apply a serious circuit of a number of 
smaller line segments. The length of each smaller line segment has to be such that 
within each line segment an unambiguous measurement can be performed. To be able 
to determine which line segment will supply the correct measuring value use can be 
made of a field strength measurement in each of the measuring points. The line seg- 
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ment which is bounded by those measuring points which together have the strongest 
sum signal is selected. 

A system functioning according to this principle has the characteristic that be- 
tween both ends of said line segment another N measuring points are realised such that 
5 the line segment is divided by N+2 measuring points into N+1 segments each having a 
length which is small enough to realise an unambiguous measurement within said seg- 
ment, whereby the N+2 measuring points are connected to N+2 receivers, the output of 
each of said receivers is connected to a field strength measuring means, the output sig- 
nals of all field strength measuring means are evaluated in a comparison circuit, which 

10 comparison circuit transfers the output signals of those two receivers having together 
the largest field strength, to a phase comparator to be mutually compared whereafter 
the resulting output signal of the phase comparator controls an evaluation unit. 

Instead of field strength measurements a combination of carrier measurements 
and modulation signal measurements is conceivable. In that case the system comprises 

15 an first elongated loop antenna which is used for p-hase measurements of the 

modulation signals at the end points in the above described maimer. The result thereof 
is a position with a relative low accuracy. The system comprises in that case a second 
antenna having a series circuit of small loop antennas which are used each for a phase 
measurement based on the carrier signal at the ends of each small loop antenna. Th 

20 position with low accuracy is used to select one of the small loup antennas. The phase 
measurement on this selected small loop antenna results into a position with a relatively 
high accuracy. A disadvantage of this embodiment is the rather complicated antenna 
system, necessary for performing the measurements. 

A further preferred embodiment of the system has according to the invention the 

25 characteristic that the measurement is repeated a number of times in a row, whereafter 
the results are interpolated such that from the results the track can be derived which 
was followed by the transponder within said course. 


30 


INDICATION OF THE FIGURES 

The invention will be explained in more detail hereinafter with reference to the 
attached drawings. 
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Figure 1 illustrates schematically a perspective view on a part of a course, 
whereby at both sides of the course a receiving antenna of a measuring station is in- 
stalled. 

Figure 2 illustrates a top view on a measuring station with a loop shaped antenna 
on or in the surface of the course. 

Figure 3 illustrates another embodiment of the electronics in the measuring sta- 
tion. 

Figure 4 illustrates an embodiment whereby the modulation signal is used for 
"course" position determination and the high frequency carrier signal is used for "fine" 
position determination. 

Figure 5 illustrates schematically an embodiment in which use is made of an an- 
tenna consisting of the series circuit of a number of loops. 

Figure 6 illustrates schematically the exact route of a vehicle as function of a 
number of measurements performed by the system. 

FIGURE DESCRIPTION 

Figure 1 illustrates schematically a part of a course 10, e.g. part of a road, along 
which a transponder 12 is moving in the direction of the arrow 14. The transponder 12 
will in a practical case be attached in or on an automobile, a motorbike or another vehi- 
cle, or to a human or animal, and will thereby be moved along the course 10 in the in- 
dicated direction. 

At a number of places along the course measuring means are installed by means 
of which the position of the transponder 12 in transversal direction can be determined. 
In figure 1 such a measuring post is illustrated comprising an antenna 16 at one side of 
the road and an antenna 18 at the other side of the road, an electronics unit 20 which 
through a line 22 is connected to the antenna 16 and through a line 24 is connected to 
the antenna 18. 

During operation the transponder 12 will transmit with short intermediate dis- 
tances a signal which could be a continuous sinewave with predetermined frequency 
but could also be a modulated carrier wave. Preferably in the last mentioned case the 
carrier wave is modulated by a pulse series of significant lower frequency so that "sig- 
nal trains" are formed. 
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For the coming part of this description it is assumed that the transponder trans- 
mits a continuous and preferably sinusoidal signal. This transmitted signal is received 
by both antennas 16 and 18. The received signals are transferred through lines 22 and 
24 to the electronics vmits 20 in which the signals are phase compared with each other. 
If it is assumed furthermore that the signal lines 22 and 24 have the same length then it 
will be clear that, in case the transponder 12 is on the middle of the road, and the 
distance between the transponder 12 and the antenna 16 is identical to tfie distance 
between the transponder 12 and the antenna 18, both received signals in the electronics 
circuit 20 have the same phase. A phase difference 0 indicates therefore that the 
transponder 12 is in the middle of the road (or at least can be there). In case the trans- 
ponder 12 is deviating from the middle of the road to the left then between both re- 
ceived signals a certain phase difference will be developed. If the transponder 12 de- 
viates from the middle of the road into the right direction then in both received signals 
an opposite phase difference will be developed. If both lines 22 and 24 are not exactly 
of the same length then this will cause a fixed phase difference for which compensation 
can be provided as will be clear for the expert in this field. A similar note can be made 
by other embodiments of the system which will be described hereinafter. 

A disadvantage of the schematically illustrated system in figure 1 is that this sys- 
tem can be realised in practice only for rather high carrier fi-equencies. Only then the 
dimensions of the antennas 16 and 18 will be such they are allowable in practice. 
Many of the momentarily used transponder applications, for instance for tracking ve- 
hicles along certain road sections, make use of much lower carrier frequencies. In that 
case it is preferred to use another antenna configuration as schematically illustrated in 
figure 2. 

In figure 2 the covirse in top view is indicated in general by 30. In an imaginary 
coordinate system the direction of movement 14 of the transponder 12 equals the Y- 
direction. Transversal to this direction, in other words in the width direction of the 
course 30 the X-direction is assumed whereby in the example of figure 2 the lower side 
of the course overlaps X=0 whereas, the upper side edge of the course overlaps X=B, 
whereby B is the width of the course 30. On the traject a loop shaped antenna 32 is 
installed comprising two long parallel conductors extending at short distance of each 
other which at X=0 and X=B are connected by short transversal conductors. The short 
transversal conductors are through the conduits 34 and 36 in connection with the elec- 
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tronic unit 38. In this electronic unit 38 two receivers 40 and 42 are positioned as well 
^ as a phase measuring unit 44 and an evaluation unit 46. 

The signals measured at the ends of the loop antenna 32 are through lines 34 and 
36 supplied to the receivers 40 and 42 and there amplified up to a desired level. The 
5 output signals of the receivers 40 and 42 are in a phase measuring unit 44 compared in 
phase with each other resulting into a phase^output signal. This phase output signal is 
supplied to an evaluation unit 46 which derives an X- value from this phase signal. If 
the transponder is located exactly in the middle of the road then the unit 46 will provide 
a value X=B if the transponder is located more to the lower side of the road then the 

10 unit 46 will for instance provide the signal X=X1, whereby XI <'/iB, whereas if the 
transponder 12 is more located to the upperside the unit 46 can supply for instance a 
signal X =X2 whereby X2>i4B is. 

Dependent on the selected carrier wave frequency and dependent on the wddth B 
of the course it will happen that a number of 0 points are developing on the loup shaped 

15 antenna 32 so that the measurement is not unambiguous anymore. To provide a rem- 
edy it is for instance possible to make use of a modulated carrier wave instead of a 
continuous carrier wave whereby for the phase measurement not the carrier wave but 
the modulation signal with a much lower frequency is used. The electronics unit 38a is 
in that case extended by 2 demodulators in the way, as schematically is illustrated in 

20 figure 3. A first demodulator 48 is installed between the receiver 40 and the phase 
measuring unit 44 whereas a second demodulator 50 can be placed between the re- 
ceiver 42 and the phase measuring unit 44. By adding these both demodulators 48 and 
50 in the phase measuring unit 54 the phase difference between the modulation signals 
is measured. Because thereby signals with a very low frequency are involved it is now 

25 possible by a suitable selection of the frequency to reduce the number of zero points in 
the output signal of the unit 44 to only one. The evaluation unit 46 is able therewith to 
indicate unambiguously within the course X=0 and X=B where the transponder 12 is 
located. 

Q A disadvantage of the use of relatively low frequency modulation signals can be 

30 that the therewith-obtained accuracy in the position determination is lower than in case 
the higher frequency carrier wave is applied. In the embodiment which is schematically 
illustrated in figure 4 the advantages of both embodiments are combined. The elongated 
loop antenna which is present in or on the course is in that case indicated by 70. The 
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ends of the antenna 70 are through lines 72 and 74 connected with the respective re- 
ceiver 76 and 78. Each of the receivers supplies a high frequency modulated signal to 
one of the respective demodulators 80 and 82. The lower frequent modulation signals at 
the outputs of the demodulators 80 and 82 are supplied to the inputs of the phase 
comparator 84. 

The high frequency output signals of the receivers can be compared directly with 
each other in the phase comparator 86. As indicated above this may lead to a non-un- 
ambiguous location determination. By combining the output signal of the phase com- 
parator 84, by means of which the position is "coarse" indicated however not unambi- 
guously, with the output signal of the phase comparator 86 it will be clear that within 
the "coarse" determination a "fine" tuning can be applied. The evaluation unit 88 there- 
fore provides as a result a location determination vAih high accuracy. 

Above one has assumed that the usual antenna is present in or on the surface of 
the road. That is however not necessary- The transponder can be embodied also as a 
vertical standing loop or vwndow antenna. Also an antenna at a certain height above the 
road such, that the transponder can move underneath the antenna, can be applied. 

Another possibility to eliminate the ambiguity in the outputsignal of the phase 
measuring unit 44 is illustrated in figure 5. Instead of an elongated loop shaped antenna 
32 such as in figure 2 or figure 4 in this case use is made of a series circuit of a number 
of much shorter loop antennas 52a, 52b, 52c,. . .Each of these antennas is through an 
own line 54a, 54b, 54c.... connected to an own receiver 56a, 56b, 56c,.,. in the elec- 
tronic unit 38c, The outputs of the various receivers are connected to a series of field 
strength meters 58a, 58b, 58c,.... which supply output signals to a comparison circuit 
60. All these output signals together form a curve which indicates where, above which 
small antenna 52a, 52b, 52c,.... the transponder has to be found. The comparison cir- 
cuit 60 in fact establishes which two adjacent receivers have the largest summing am- 
plitude of the received signals and controls the series of switches of 62a, 62b, 62c, .... 
such that only the output signals of these two selected receivers are transferred to the 
phase measuring circuit 64. The outputsignal of the phase measurement circuit 64 is 
taken into account by the evaluation circuit 66 together with the positions of the 
switches 62a, 62b, 62c,... 

Above it is assumed that the transponder is an active transponder which transmits 
signal trains with regular intervals without being activated thereto by an externally re- 
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ceived signal. The invention however can be applied wit good results in combination 
with passive transponders which become only active after reception of an activated 
signal and will transmit then a response signal. 

Finally it is remarked that in the above description a line segment is assumed 

5 which is perpendicular to the track direction and which has its endpoints at the edges of 
the track. A line segment which is not ideally perpendicular but makes a small angle 
with the direction of the track such as caused by not accurately setting of the line 
segment can appear easily in practice and will in general not lead to a grave measuring 
error. Only if the angle is relatively large (larger than 10 degrees) then this angle should 

10 be taken into account in the evaluating means. 
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CLAIMS 
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15 


20 


25 


1 . System for determining the position of a transponder, which transmits a signal 
and moves along a route with at least a measuring station comprising antenna means 
for receiving said signal at least at two measuring points positioned at the two outer 
points of a line segment which crosses the course in a perpendicular manner, whereby 
said measuring station comprises: 

- a first receiver for receiving said signal through said antenna means at the one meas- 
uring point and 

- a second receiver for receiving said signal through said antenna means at the other 
measuring point, 

- high frequency phase measuring means measuring the phase difference between the 
output signal of the first receiver and the outputsignal of the second receiver, 

- evaluation means which, based on the measured phase difference, determines where 
the transponder passes said line segment. 

2. System according to claim 1 , characterized in that the transponder transmits a 
modulated signal, that the first receiver is followed by a first demodulator for 
demodulating the received signal, that the second receiver is followed by a second 
demodulator for demodulating the received signal, and that low frequency phase 
measuring means measure the phase difference between the output signal of the first 
demodulator and the output signal of the second demodulator. 

3. System according to claim 1 and 2, characterized in that the evaluation means use 
the output signal of the low frequency phase measuring means for "coarse" position 
determination whereas the output signal of the high frequency phase measuring means 
is used for "fine" position determining. 


4. System according to one of the claims 2 or 3, characterized in that the modulated 
signal is obtained by amplitude modulation whereby the modulation signal is a pulse 
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series by means of which the amplitude of the carrier wave is modulated between 0% 
and 100%. 

5. System according to claim 1 , characterized in that between both ends of said line 
5 segment another N measuring points are realised such that the line segment is divided 
by N+2 measuring points into N+1 segments each having a length which is small 
enough to realise an unambiguous measurement within said segment, whereby the N+2 
measuring points are connected to N+2 receivers, the output of each of said receivers is 
connected to a field strength measuring means, the output signals of all field strength 
10 measuring means are evaluated in a comparison circuit, which comparison circuit trans- 
fers the output signals of those two receivers having together the largest field strength, 
to a phase comparator to be mutually compared whereafter the resulting output signal 
of the phase comparator controls an evaluation unit. 

1 5 6. System according to one of the preceding claims 1 -4, characterized in that the 
system comprises an elongated loop antenna consisting of two parallel antenna 
conductors extending a short mutual distance and having a length equal to the length of 
said segment, which antenna conductors are connected at their ends where the 
measuring points are formed- 


20 


25 


7. System according to claim 5, characterized in that the antenna is built as a series 
circuit of N+1 small loop antennas each comprising two parallel antenna conductors 
extending at short mutual distance of which the ends are interconnected, which loop 
antennas are in length direction coupled to each other. 

8. System according to one of the preceding claims, characterized in that the meas- 
urement is repeated a number of times in a row, whereafter the results are interpolated 
such that from the results the track can be derived which was followed by the trans- 
ponder within said course. 
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